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On the Study of Systems Matching and Evaluation 

for Hybrid Vehicles 

YING-HSIU CHEN 

Abstract 

The purpose of this study is to analyze the interrelations of parameters of the 

vehicle power system, and also to develop the scheme of designing a matching 

system – using ADVISOR as a simulator – for improving vehicle performance and 

decreasing fuel consumption. The first step is to find the parameters of matching 

system, included the timing of changing gears, the numbers of gears and engine 

power characteristic. Furthermore, the influences of the mechanical parameters are 

analyzed by comparing with one and two d.o.f. (degree of freedom) hybrid systems. 

Based on the result, the method of matching hybrid system is strictly constructed. In 

this study an example to design a new hybrid vehicle by using three d.o.f planetary 

gear mechanisms is also presented. This study develops a completed method to match 

vehicle system, which can be a helpful reference for industries. 

key words : system matching, hybrid system, vehicle simulation, ADVISOR, 

matching design 
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[1]

“well-to-tank” “tank-to-vehicle” “vehicle-to-miles” 1. 1 “well-to-tank”

“tank-to-vehicle”

“vehicle-to-miles”

“well-to-tank”

“vehicle-to-miles”

“tank-to-vehicle”

“tank-to-vehicle”

[3]

�

�

�
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1. 1 [1] 
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1-2

1-2-1

(Continuous Variable 

Transmission CVT) Chana

[4] Porter

[5] Liu

[6] [7] Thring

[8]

1-2-2
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1.

Ehsani Niasar

[9 10] Hofman

[11] Gao [12]

Lukic

[13]

2.

Miller [14] Sheu

[15] Ahn

[16]

[17]

3.

Johnson [18] Chau

[19] Morteza

[20]
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1-3

“tank-to-vehicle”

1-4

ADVISOR
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ADVISOR

HONDA INSIGHT TOYOTA PRIUS 2004
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ADVISOR

2-1

[1] [21]

2-1-1

[1] 2. 1
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2. 1

2-1-2

Chan Chau [21

22] (series hybrid) (parallel hybrid) (series-parallel 

hybrid) (complex hybrid)

( 2. 2)

( 2. 3)
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( 2. 4)

( 2. 5)

2. 2 2. 3

2. 4 2. 5
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2-2

[22]

[23 24]

[25 26]

2-2-1

[22] 2. 1

Rr Ra Rg

v Rr Ra Rg

(2.1)~(2.3)

v
Ra Rg

Rr

2. 6

1. (Rolling resistance Rr)

cosr rR m g f�� � � �                                                  (2.1) 
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(2.1) m (kg) g (m/s2) fr

(coefficient of rolling resistance)

2. (Aerodynamic resistance Ra)

21
2a D fR C A v�� � � � �                                                (2.2) 

(2.2) (kg/m3)

CD Af (m2)

3. (Grade resistance Rg)

singR m g �� � �                                                    (2.3) 

(2.3)

(tractive effort F)

( )r a gF R R R m a� � � � �                                             (2.4) 

a

ma (inertia force)

F ((2.5) )
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( )r a gP R R R ma v� � � � � (2.5) 

2-2-2

1999/100/EC

[23 24]

1999/100/EC 1999/100/EC

2. 7 (New European Driving Cycle

NEDC)

/ (km/L)

=0 (ECE Urban Driving 

Cycles) (Extra Urban Driving Cycle EUDC )

780 50km/h

4 400 7 11

120km/h
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2. 7

2-2-3

2-2-1

2. 1

1999/100/EC

100

2. 1 2. 2

=0
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2. 1

m 1420kg

g 9.81

1.2

CD 0.26

Af 1.78 m2

fr 0.01

2. 2

(kJ) (kJ) (kJ)

568 110 842

955 995 944

1523 1105 1786

2. 8

55%

45%

32% 68%

40%
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2. 8

2-2-4

2-2-3

[25] (2.6)

rolling aero
overall

overall

E E
eff

E
�

�                                             (2.6) 

(2.7)
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rolling aero
overall

fuel

E E
eff

E
�

�
                                              (2.7)

(2.8)

rolling aero
overall

fuel battery

E E
eff

E E
�

�
�                                               (2.8)

[26]

1% (2.9)

1%battery

fuel

E
E

�
	

                                                     (2.9) 

2-3

[25~28]

ADVISOR[25] ADVISOR
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2-3-1 ADVISOR

ADVISOR(Advanced VehIcle SimulatOR )

(National Renewable Energy Laboratory NREL) [27]

Matlab/Simulink

2. 9 ADVISOR [25] 

2. 9 ADVISOR (Input 

Scripts) Simulink (ADVISOR Block Diagrams)

(Output Scripts) ADVISOR

(ADVISOR Control Scripts)

2-3-2

ADVISOR
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ADVISOR 2. 10

Matlab .m

[28]

2. 10 ADVISOR [25] 

1. (backward-facing approach)

(time-step)
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2. (forward-facing approach)

ADVISOR

2. 11 ADVISOR Simulink

2. 11 ADVISOR
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power bus

ADVISOR ADVISOR
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3-1

[1 3

22 23]

3-1-1

[1]

BSFC(Brake Specific Fuel Consumption)

(3.1) fm� Te e

BSFC 3. 1 TOYOTA

2004 PRIUS 1.5L(57kW) BSFC
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/ - (ug/s-W)

f

e e

m
BSFC

T 

�

�

�
                                                    (3.1) 

e e
e

f l

T
m H


� �
�

��
                                                      (3.2) 

3. 1 1.5L BSFC

3. 2 1.5L

BSFC (lower heat 
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value) (3.2) e Hl

3. 2

38%

3-1-2

[22]

[3 22]

3. 1 TOYOTA [22]

3. 1 TOYOTA 5 [22] 

Gearbox Gear Ratios( ) Final Drive 

Gear Ratio1st 2nd 3rd 4th 5th

3.55 1.90 1.31 0.97 0.815 4.06
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3. 3

3. 3 [30] 

3-1-3

[3]
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3. 4

[23]

3. 4

3. 1 1.5L 3. 1

3. 5

3. 5 1.5L 5
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3. 6 5 [3] 

3. 5

3. 6

3. 7[3]

[3]



27

3. 7 [3] 

3-2

3-2-1

3. 1 1.5L 3. 1

3. 8
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3. 8

2. 1 ADVISOR ( 2. 11)

(time-step) 1

3. 2 0-100km/h 18.3 175.5

( ) ( ) 13.35km/L

9.89 km/L 16.74 km/L

3. 2

0-100km/h 18.3

175.5km/h

9.89 km/L

16.74 km/L

13.35 km/L
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1.

3. 6

1.5L

3. 9

5,000rpm

5,000rpm

3. 9
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(3.3) i i

(3.4) (3.4) 3. 10

1
1

i
i i

i

�
 

� �

�

�                                                       (3.3) 

, 1,
1

i
i upshift i downshift

i

�
 

� �

�

�                                               (3.4) 

3. 10 (2)

3. 10

3. 10

3. 3

( 3. 2)
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3. 3 1.5L

0-100km/h 18.1

175.5km/h

9.95 km/L

16.83 km/L

13.43 km/L

2.

3. 11
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3. 11

3. 11

1. 2.

3. 1

3. 4

3. 4

3. 5
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3. 4

1st gear 3.55 3.55 3.55 3.55

2nd gear 2.12 2.28 2.40 2.50

3rd gear 1.52 1.68 1.81 1.93

4th gear 1.18 1.33 1.46 1.57

5th gear 0.963 1.097 1.22 1.33

6th gear 0.815 0.935 1.05 1.15

7th gear -- 0.815 0.916 1.009

8th gear -- -- 0.815 0.902

9th gear -- -- -- 0.815

Final Drive 4.06 4.06 4.06 4.06

3. 5

(km/L) 9.93 9.97 9.98 10.09

(km/L) 16.86 16.89 16.91 16.95

(km/L) 13.43 13.47 13.48 13.57

3. 12~ 3. 15
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3. 12 3. 13

3. 14 3. 15

TOYOTA

3-2-2

3. 1 1.5L
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3. 1

3.55 0.815 4.06 3. 6

3. 6

3.55 0.815 4.06

3. 7

3. 16

0.815~3.55

0.815 0.815

3.55 3.55

3. 16
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3. 7

20.36km/h

13.27km/h 17.03km/h

3. 7

0-100km/h 18.3

175.4km/h

13.50km/L

20.72 km/L

17.32 km/L

3.

17 3. 16

0.815

0.815
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3. 17

3-3

25%
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3. 18 0.8L 3. 19 1.1L

3. 18 3. 19 1.5L 50% 75%

50% 75%

0.8L 1.5L

0.8L

1.5L 1.1L 1.5L

3/4 1.1L

3/4 1.5L

3. 8 0.8L-1.5L 

1.5L 30%

20%
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3. 8

0.8L-1.5L 1.1L-1.5L

(km/L) 12.73 10.98

(km/L) 18.97 17.97

(km/L) 16.09 14.57

0.8L-1.5L 3. 20

3. 20 1.5L 0.8L

( 3. 11)

1.5L

3. 20 0.8L-1.5L 1.5L 0.8L

1.1L-1.5L 3. 21

3. 21 1.5L 1.1L

1.5L

3/4

3. 21
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1.1L-1.5L 1.1L

3. 21 1.1L-1.5L 1.5L 1.1L

3-4

3. 9
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3. 9
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HONDA INSIGHT

TOYOTA PRIUS 2004

PRIUS 2004

4-1

HONDA INSIGHT

INSIGHT ADVISOR INSIGHT

4-1-1 HONDA INSIGHT

INSIGHT HONDA 1999

4. 1 INSIGHT



43

4. 1 HONDA INSIGHT

4-1-2

HONDA INSIGHT INSIGHT

DVISOR INSIGHT 4. 2

4. 2 INSIGHT ADVISOR

HONDA INSIGHT TOYOTA PRIUS 2004

3. 1 1.5L 50kW AC

( 4. 3) NiMH 4. 1
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4. 3 50kW AC

4. 1

NiMH

65

500V

INSIGHT

( 3. 1)

3. 10

HONDA INSIGHT

[31 31]

1.

2.

3.

1. 5km/h
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2. 5km/h

3. 5km/h

4. SOC 0.5

SOC 0.8

5. 2-2-4

1%

0-100km/h

11.4 174.8km/h 14.06km/L

11.17km/L 16.53km/h

4. 2

0-100km/h 11.4

174.8km/h

11.17km/L

16.53km/L

14.06 km/L

4-1-3

INSIGHT

INSIGHT
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1. INSIGHT

INSIGHT 4. 4

( 3. 10)

( ) (

)

4. 4

2. INSIGHT

4. 5
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4. 5

INSIGHT

4-2

TOYOTA PRIUS 2004

PRIUS PRIUS 2004

PRIUS

4-2-1 TOYOTA PRIUS

PRIUS 1997 TOYOTA

2000

2004 [33 34] 2009

[35] 2009
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PRIUS THS(Toyota Hybrid System)

4. 3

PRIUS PRIUS

PRIUS

1.5L 1.8L

4. 3 PRIUS

PRIUS 1997 PRIUS 2004 PRIUS 2009

Engine Type 1.5L gasoline 1.5L gasoline 1.8L gasoline

Maximum Output 43 kW 57 kW 73 kW

Maximum Torque 102Nm 115 Nm 142 Nm

Motor Maximum Output 30 kW 50 kW MG1 42 kW

MG2 60 kW

Maximum Torque 305Nm 400 Nm MG2 207 Nm

System Maximum Output 55kW 82 kW 100 kW

Battery Maximum Output 21kW 21kW 27kW

4. 6 PRIUS 1997 THS
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PRIUS 1997 THS 4. 6

(Power Split 

Device)

PRIUS 2004 4. 7

4. 7 PRIUS 2004 THS

4. 8 PRIUS 2009 THS
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PRIUS 2009 TOYOTA CAMRY

HIGHLANDER 4. 8

PRIUS

4-2-2 PRIUS

PRIUS 2004 PRIUS

PRIUS 2004 4. 9

4. 9 PRIUS 2004

4. 10 PRIUS 2004

[34]

PRIUS 4. 10 4. 11

2 1 2 3 4
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4 1 2 1 2 3

a 3 4 b 4. 4

4. 11

4. 4

ω1 ω2 ω4 ω3

τ1 τ2 τ4 τ3

T1 T2 T4

4. 11

4 14 1 14 3( 1) 0N N
 
 
� � � � (4.1) 

4 24 2 24 3( 1) 0N N
 
 
� � � �                                           (4.2) 

1
14

4

TN
T

� �                                                         (4.3) 

2
24

4

TN
T

� �                                                         (4.4) 

N14 N24
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PRIUS

N14 N24

PRIUS 2004 4. 9

(4.1) (4.2) 4 (4.5)

1 21 2 21 3( 1) 0N N
 
 
� � � � (4.5) 

2
21

1

TN
T

� �                                                        (4.6) 

N21

(4.7) (4.8)

1 2 3 0  � � �                                                     (4.7) 

1 1 2 2 3 3 0 
  
  
� � �                                               (4.8) 

(4.6) (4.7) (4.8) (4.9) (4.10)

21 1 3( 1) 0N  � � �                                                  (4.9) 

21 1 21 3( 1) 0N N � � �                                               (4.10) 

4. 5

(4.11)

~(4.13)
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4. 5

( ) ( )

ωe ωg ωri ωro ωm ωo

τe τg τri τro τm τo

0ri ri ro ro 
  
� �                                                   (4.11) 

ri ro
 
� (4.12) 

0ri ro � �                                                       (4.13) 

(4.5) (4.9) (4.10) (4.14)~(4.16)

21 21( 1) 0g ri eN N
 
 
� � � �                                          (4.14) 

21( 1) 0g eN  � � � (4.15) 

21 21( 1) 0ri eN N � � �                                               (4.16) 

Ro

(4.17)

ro m o oR
 
 
� � (4.17) 

(4.18)

0ro ro m m o o 
  
  
� � �                                             (4.18) 

(4.17) (4.18) (4.19)
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0o
ro m

oR
 � � �                                                  (4.19) 

PRIUS

N21 Ro

4. 6

4. 6 PRIUS 2004 THS

N21 -2.6

Ro 4.113

4-2-3

PRIUS 2004 ADVISOR PRIUS 1997

PRIUS 2004 1997

PRIUS 1997

PRIUS 2004

4. 12 ADVISOR PRIUS
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4. 12 ADVISOR PRIUS

PRIUS 2004

1.

PRIUS 2004 PRIUS 1997 1.5L

PRIUS 1997

PRIUS 2004

3. 2

HONDA INSIGHT

ADVISOR HC CO NOx

2.

PRIUS AC 33kW

50kW 300Nm 400Nm 4. 13

4. 13 PRIUS1997( ) PRIUS2004( )
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PRIUS 1997

PRIUS 2004 4.

3 HONDA INSIGHT

3.

4. 14 PRIUS 2004 33kW

AC 15kW

33kW 6,500rpm 10,000rpm

PRIUS 1997 PRIUS 2004

4. 14

4.

PRIUS 1997 2004 (Nickel-metal hydride)

2004 (Output density)

1997 PRIUS 2004

(High-voltage Power Circuit)
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ADVISOR

4. 1

HONDA INSIGHT

5.

2. 1

6.

PRIUS

A.

SOC(state of charge)

0 1 0 1 SOC

0.45~0.75 SOC=0.6

2-2-4 1%

B.

4. 15

1,200rpm 5,000rpm

1,200rpm 5,000rpm

SOC 4. 15
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4. 15

C.

4. 3

4. 7 PRIUS 2004

0-100km/h 10.8

168.6km/h

13.41km/L

21.04km/L

17.41 km/L

4. 7

ADVISOR PRIUS 2004 0-100km/h

10.8 168.6km/h 17.41km/L

13.41km/L 21.04km/h
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4-2-4

4. 7

1. PRIUS 2004

4. 7 PRIUS 2004

PRIUS 

4. 16 4. 17 4. 16

PRIUS

4. 16 PRIUS 2004

4. 17 PRIUS 2004
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4. 17

2. PRIUS 2004

PRIUS 2004

PRIUS 2004

4. 18 (1) (2)

(3) (4)

4. 18

4. 18 (1) (2) (3)

(4)
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(4.14)

10,000rpm 10,000rpm

5,000rpm 5,000rpm

3. PRIUS 2004

4. 19 (1)

(2) (3) (4)



62

PRIUS 2004 4. 19

4. 19 (1) (2) (3) (4)

( 4. 18

2) (4.15)

25 60km/h 115km/h

(4.19)

4. PRIUS 2004

4. 20 (1)

(2) (3) (4)

PRIUS 2004 4. 20
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4. 20 (1) (2) (3) (4)

20 80km/h

(

)

82kW 100km/h 150km/h

(57kW) (50kW)

4. 21

( 4. 19 3)

4. 20 100km/h

4. 21

PRIUS 2004
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4-3

INSIGHT PRIUS 4. 8 INSIGHT

PRIUS

4. 8 INSIGHT PRIUS

INSIGHT PRIUS

1 2

/ 1/1 1/2

INSIGHT

PRIUS
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PRIUS

4-2-2 THS

N21 Ro

4-4

0

N21

PRIUS 2004 78 30 (4.6)

N21=-2.6 N21 15% 4. 9

4. 9

-15% +15%

N21 -2.6 -2.21 -2.99

/ 78/30 73/33 90/30

ADVISOR

4. 10 N21 -2.21 -2.99

PRIUS 2004
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4. 10

N21=-2.21 N21=-2.99

0-100km/h 11.4 11.3

168.6km/h 168.7km/h

13.4 km/L 13.41 km/L

21.07 km/L 21.01 km/L

17.42 km/L 17.4 km/L

4. 7 PRIUS

4-4-1

1.

4. 22 (1)

4. 22

(2) (3) (4)
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4. 22 (1)

(2) (3) (4)

2.

4. 23

1

2 4

N21 -2.6 -2.99

(4.15) N21 -2.21
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15 75km/h

10,000rpm

4. 23 (1)

(2) (3) (4)

3.

4. 24 (1)

4. 24 (2) (3) (4)
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20 80 80

4. 24 (1)

(2) (3) (4)

4. 21
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4. 24 (3)

4.

20 80km/h ( 4. 24 (4))

33kW 33kW

33kW

4. 25 (1)

PRIUS 2004 -2.6

(2) (3) (4) -2.21

(1) (2) (3) (4) -2.6

33kW 10,000rpm -2.21
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4. 25 (1) -2.6

(2) -2.6 (3) -2.21

(4) -2.21

4-4-2

4-4
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(2.8)

4. 11

4. 11

N21 -2.21 -2.6 -2.99

(kJ) 163 170 177

(kJ) 20014 20026 20043

0.1302 0.1301 0.13

4. 11

(2.8)

4. 26
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4. 27

4. 28

4. 26 4. 27

4. 28
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N21

SOC

N21=-2.99

N21=-2.21

4-5

Ro

PRIUS 2004

4. 12

-20% +20%

Ro 4.113 3.29 4.936

PRIUS 2004 Ro 4.113 Ro 20%

4. 12 PRIUS 30

78 ADVISOR 4. 13



75

4. 13

Ro=3.29 Ro=4.936

0-100km/h 12.6 10.5

196.4km/h 140.2 km/h

13.35 km/L 13.43km/L

21.04km/L 20.92km/L

17.38 km/L 17.38km/L

4. 7 Ro 0-100km/h

Ro 0-100km/h

Ro

Ro

4. 14

4. 14

Ro Ro Ro

Ro

Ro
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4-5-1

Ro

Ro

1.

4. 29 (1)

(2) (3) (4)

4. 29
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(1) (2) (3) (4)

2.

4. 30 (1)

(2) (3) (4)

4. 30 (1)

(2) (3) (4)
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3.

4. 31 (1)

(4)

4. 31 (1)

(2) (3) (4)
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4-5-2

4. 13 Ro

1.

Ro

Ro 3.29 4.936 4. 32 4. 33

4. 32
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4. 33

2.

Ro Ro

Ro

4. 34

Ro

((4.15) )
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4. 34

4-6
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PRIUS 2004

4-6-1

4. 35

1.

2.

3.

4.

5.
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4. 35

PRIUS 2004

4-6-2

4-4

(4.15)
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(4.15)

,max
,max

21 1
e

gN


	
�

                                                   (4.20) 

33kW 10,000rpm 31.5Nm

1.5L 115Nm (4.20)

21
1151
31.5

N � �                                                     (4.21) 

21 2.65N 	 �                                                       (4.22) 

PRIUS N21=-2.6

4-6-3

1.

(4.14) (4.17)
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(4.23) (4.24)
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NV N r
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PRIUS 2004

(4.24)
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max,

m
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r

r
R

V
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	                                                     (4.25) 

2.

(4.16) (4.19)

(4.16) (4.19)

21

21

1
1 e m

o

N
R N

  
� �

� �� ��� �
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� � � �21
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21

1 ( )
1 e m

o

NV V V
R N

  
� �

� �� ��� �
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� � � � � �21
,max ,max

21

1 1
1 e m

o

Nf V V V R
r R N

 
� �

� � � �� ��� �
�                       (4.28) 

R Rr Ra (4.29)

2-2-1

r aR R R� ��                                                 (4.29) 

0 ( )
fV

m
dVt m
f V

�� �                                                   (4.30) 

m m (mass factor) Vf

tr tr

0 ( )
fV

r m
dVt m
f V

�	 �                                                  (4.31) 

(4.28) (4.31) Ro

0 Vi

(4.32)

( )
f

i

V

r m V

dVt m
f V

�	 �                                                  (4.32) 

S

0 ( )
fV

m
dVS m
f V

�� �                                                  (4.33) 
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(4.31) (4.33)

Ro

3.

(2.3)

Rr Ra Rg

2-2-1

r a gR R R R� � ��                                                 (4.34) 

(4.28) (4.34) Ro

4. 36 PRIUS 

2004 47%

4. 36 PRIUS 2004

4.
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4. 37

PRIUS 2004

4. 37

4. 38

4. 38

4 PRIUS 2004 PRIUS 2004
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4-7

HONDA 

INSIGHT TOYOTA PRIUS 

4. 15

4. 15

PRIUS 2004 INSIGHT

( )

SOC

SOC
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5-1

[37]

5-1-1

[37] 63

5 4 6 5
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6 45 7 9

5. 1

5. 1

5. 1

5

4
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5. 1

( 4. 11) 5

5 5_1 5_2

1 21 2 21 5_1( 1) 0N N
 
 
� � � �                                      (5.1) 

3 43 4 43 5_ 2( 1) 0N N
 
 
� � � �                                          (5.2) 

5 5_1 5_ 2
 
 
� �                                                     (5.3) 

1 2 5_1 21 21: : 1: : ( 1)N N   � � � (5.4) 

3 4 5_ 2 43 43: : 1: : ( 1)N N   � � �                                         (5.5) 

5 5_1 5_ 2  � �                                                      (5.6) 

N21 N43

5 5=0
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5-1-2

5. 1

5. 1

A B

5. 1 Fuel B Out ICE

M/G1 M/G2 1 2 EC

PS PS1 PS2

5. 1 A

B
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5-2

5. 2

5. 2

5. 2
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5. 2

SOC

5-2-1

[3]

1.

2.

3.

4.

PRIUS 2004

PRIUS 2004

4. 7 4. 36 PRIUS

1. 6100N

2. 50 25%

3.
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5-2-2

( 4. 19 1)

SOC

5. 

3

5. 3

SOC

SOC SOC

5-2-3

PRIUS 2004

4. 3 1.5L 1 33kW 2

50kW PRIUS 2004
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1 2

2 1 2

1 2

SOC

2 1 2

5-2-4

5-1-1

1. prius PRIUS

6,100N 2

2 400N-m 2

6100 4.75
400

o m

m

r


 
� �                                         (5.7) 

 rm rm=0.311 PRIUS

2. 50 25%

_ 25%@50 / ( sin ) 1140o km h s r a wW R R r N m �� � � � � �                     (5.8) 

_ 25%@50 / ( sin ) 50.9o km h s r aP W R R v kW�� � � � �                     (5.9) 
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2

115N-m

1140 9.91
115

o

e




� �                                               (5.10) 

3.

1

1 33kW 33kW

5. 3 33kW 33kW

2878rpm 119.4Nm

5. 3 33kW

33kW 33kW 1

10,000rpm 1

1 3.47mg

e






�                                                   (5.11) 
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5-2-5

5. 1

1

5. 1 A

Ts Tr

53
3

r

s

T
T

� �                                                        (5.12)  

5. 1

N21 N45_2 5. 4

5. 4

M/G1 ICE M/G2 Out

5. 4

( 5. 3)

5. 5
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5. 5

C ( 5. 5 ) ( 5. 5 )

1 2

2 2

2 1 2
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1 2

1 2 SOC

1 2

2

1

1 2

1 2

5. 4 1

2

5. 4
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5-2-6

5. 6

5. 6

M/G1 ICE M/G2 Out

N21=N1 N45_2=N2 5. 4 5. 6 5. 1

1 1 5_1 1( 1) 0mg eN N
 
 
� � � �                                       (5.13)  

5_ 2 2 2 2( 1) 0mg o oN N R
 
 
� � � �                                     (5.14) 

5 5_1 5_ 2
 
 
� � (5.15) 

1 5_1 1 1: : 1: : ( 1)mg e N N   � � � (5.16)

2
2 5_ 2 2: : 1: : ( 1)mg o

o

N N
R

   �
� �                                      (5.17)

5 5_1 5_ 2 0  � � �                                             (5.18) 

N1 N2 Ro 5-2-4

5. 7
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5. 7

N1 -2.47

N2 -2.94

Ro 3.54

5-3

5-2 ADVISOR

PRIUS ADVISOR

5-3-1

PRIUS ( 4. 12)

5-1-1 Matlab/Simulink

5. 5 tx_n1 tx_n2

N1 N2 tx_n1 tx_n2



104

5. 5
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1. (vehicle)

2. (ICE)

3. 1(MG1)

4. 2(MG2)

1 2

1. (ICE)

2. 1(MG1)

3. 2(MG2)

4. (vehicle)

1 2

5. 5

2

2

'2
2, ,

2

( 1)
mg req o req

N
N


 
�
�                                              (5.19) 

'2
2, ,

2( 1)mg req o req
N

N
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�
                                              

(5.20) 
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o req
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'
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'
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,o req 5.
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(5.21) (5.22) 1 1

1 2
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2

' 2
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N
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�
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' 2
, 2,

2
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N
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1 2

' 1
, , 1, 2 2,

2 1 1

11 1( )
( 1)o avail e avail mg avail mg avail

N N
N N N


 
 
 
�
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�
                (5.25) 

(5.16)~(5.18)

2

' 1 2 2
, , 2,

1 2

( 1) ( 1)min ,
1o avail e avail mg avail

N N N
N N

  
� �� � �

� � ��� �                         (5.26) 

1

1

5-3-2

5. 3

1. 2 2 2

2

1 2

2. 1 2

3. SOC 2

1 2
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1.5L 115Nm@4200rpm 2

2

1 2
2 ,max

1

241
( 1)mg e

N N
N

  �
�  �

�
Nm                                      (5.27) 

2 50kW 2

2,max
2

2

208mg
mg

mg

P




� � rad/s                                           (5.28) 

2 (5.23)

2
2

2

1 13.6
1mg w

o

Nv r
N R


�    �
�

m/s 49.0� km/h                         (5.29) 

49km/h

1 2

2 10kW 1

2 2 10kW 1

2

1 1 33kW 33kW
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5. 6

2

1

(5.30) (5.31) 1

5. 6

1, 1 ,( 1)mg req e reqN
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                                             (5.30) 

1, ,
1

1
( 1)mg req e reqN
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�                                               (5.31)

5. 7

5. 7

2 1 1

(5.32) 1 2

2 (5.33) 3250rpm
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1 2 5. 8 2

1 1 2

5. 7

'
1, 1 , 1 2 ,( 1) ( 1)mg req e req o reqN N N
 
 
� � � � �

(5.32) 

'2 1
2, , ,

2 1 2

( 1) ( 1)
mg req o req e req

N N
N N N


 
 
� �
� �

(5.33) 

5. 8

SOC 0.45~0.7 SOC 0.45
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1 1 33kW 2

5. 9

5. 9

1.

2.

3. SOC 

SOC

1.

2.
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3. 1

4. 2

1 2

5. 10

1. (10kW)

2. (49.0km/h)

3. SOC (0.45)

1

5. 10
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SOC SOC

SOC

1. 49.0km/h 10kW

2.

5. 11

( )

( 5. 6) 1

SOC SOC

1 (33kW) SOC SOC

5. 11

49.0km/h

1 2 5. 12

( 5. 7) 1

1 2 1

( 1 ) 2
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5. 12

5-3-3

5. 8 0 100km/h

12.3 159.3km/h 15.31km/h

12.04km/h 18.15km/h

5. 8

0-100km/h 12.3

159.3km/h

12.04km/L

18.15km/L

15.31km/L
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1.

5. 13

6100N 50

25% 25km/h

25km/h 50km/h 70km/h

70km/h

5. 13

2.

5. 14 1

2 3 1( )
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4 2( )

2

1 2

1 2 49km/h

1 2

2

5. 14 (1) (2)

(3) 1( ) (4) 2( )

3.

5. 15 5. 16

1
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5. 15 2

5. 15 2

5. 16 1

4.

2

2 1

5. 17 2 1

1 1

2 2 49km/h

1 2
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2 2

2

5. 17 2( ) 1( )

5.

5. 18
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5. 18

5-4

5. 9
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5. 9

/ 1/1 1/2 1/2

1 2 3

2 2 1
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1.

2.

3.

4.

5.
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3.
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6-2
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